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DTO QUALITY INW0"D A

1. Introduction.

Thf, Navy nnd the Marine Corps have been continially

concerned about the antivehicle and antlehip mine.e. The

deveJopment of effective minefields detection procedures are of

great Importance as they will enhance the ability of the Navy and

the Marine Corps to perform their tasks, One approach that has

been recently studied by the scientists of the Navy is the use of

tests for randomness (Muise and Smith 1992). In this study they

express the need to develop detection methods that are based on

two-dimensional processes that incorporate the dependence

structure of the nearby observations. The research supported by

this contract addresses this need.

Tn Section 2 four research projects will be described. One

research project was completed and the article based on it

accepted for publication in a leading journal of statistics,

Journal of the American Statistical Association, the second

94 7 15 034
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project is cloae to completion and will be submitted for

publication by September 1, The other two project are at an early

staoeg, but with a tl.ear L)An of sol lving the problems, Two

grad%)ate st-odents have been partial.ly supportei under thin

conltra'M to ', work on. the four reiekro'h projects referred Above.

Also, I am v.1finrAingj to be in touch with the Navy scientists

interested in the minefield deteclion problem.

2. Research Projects.

Let X1, .... X,1 he n observations in a two dimenslorial

retangular rvgion R = [O,r,1]x[O,L], We are interested in

stuidying st~t1s-.tc:al procedures that are effec:tive in detecting

patterns or clusters of points, In what follows the four research

projects mentioned above are described In detail.

(1) Simultaneous Confidence Intervals for Multinomial Proportions.

Assume that the rectangular field is divided as follows Into

two dimensonl rectangular subregions: let hi - L1 /iii, i-l,2,

where n iare given positive integers. For 1 s I I n1 and

1 s J i n, Define the rAndom variables

Yij the number of X.;'s in [(A-l)hl,lhl]x[(j-1)h?,jh 2 .



If we assume complete spatlal randomness (car), I.e. that the n

points are generated by a homogeneous Poisson process in the two

dimensional space, then conditional on the oc:currence of the n

points In th)* rmjion R, (in the time Interval (O,t]) Y~j,

I I . n, anti d. S j .4 n,, have a multinomial distributiAon

with parameters n and P.iH - l/(nn). If the exact locatlon of the

I'yinta Is unknown and the rectangular s1ubregions defined above

are of a consideroble smize, then one1 might be interested to

examine the assumption of csr hased on the observed data Yj:,

Asqi)mIing that the Yjj are distributed according tn i a ioltinomI.l I

d.etribiiti-n, but possibly with not equal pjj's, we can construct

a confidence region for the pj's with a specified probability of

,overge and see if the vector (1/(nln2 ),.... , l/(nn) ) Is in

that region. Now, Jf oer is not warranted, then we miuht be

willing to as~ume that the ¥ j are distributed according to a

multinomial dlstribut.ori, with distinct p.,j's. In that case too

we are interested to estimate the pij's based on the observed

data.

The enclosed article "Simultanous Confidence Intervals and

Sample Size Determination for Multinomial Proportions" studies

this problem that has been studied by many researchers. Using a

parametric bootstrap approach along with Edgeworth expansion for

approximating the rectangular multinomial probabilities accurate



,oonfidence regions are constructed for multinomial proportions.

UtAl3zing this method we present an algorithm for determine the

RaI)le SIpZe4 1e10013 tto (i))struict & nonfidence region with a

Sp cIJ1f i ee volume and pI'tb,,'i 1ty of coverae.e

(Ii) Parametric Bootstrap Inference Based on Extreme Order

Statistics in a Multiniomial Experiment.

In this project we have the siamne tiet up as in (i)

We assuming that tho Yj Are diistrIluted according to a

multinomial distributiiion, but possibly with riot equal pi 'L, Here

testing the null hypotheses of csr is equivalent to testing that

the pij's are equal. We propose to study the performance of the

test statistic based on max(Y,,} and min(Yij), i.e. reject H0 if

max(Y,;) i a or min(Y,j} S b. The approximation for multinomial

rectangular probabilities derived in project (I) (Sison and Glaz

1994) will be utilized in studying the performance of this test

statistic. It will enable us to evaluate p-values and the power

of the test, Moreover, confidence Intervals for the largest and

smalest multinomial proportion have been also studied. This

project will, be completed by deptember 1.



(iii) The Two dimensional Ratchet Scan Staxiatic

Let X1, ... be n observatnn in s two denrns.l

ren.angular r'egionR P = [O,,1]x[O,L;. Let hi a L/ni, 1-3 P, wherf'

n., are giv.n positive integervo, For I & i i n, and I s j An

Define tho random varlablea

Y; the nuimber of X;'Is in (-1)h , ih,]x[(j-J-)hp, Jh 2]

Tf we agiutme complete spat.f.7 randonneve (cer), i.e. that the n

onoreia pt.nerated by a homogeneoize Poisson process Ii the two

1mnonanl aipace, then condItIonal on the oc:urrence of the ri

points in the region R, (in the time interval (O,t]) Y1j, I S I

n, and 1 s j s n2, have m multinomial distribution with

parameters n and P., * 1/(nln,). If we do riot know the exact

location of occurrence of the n observations and the rectanlular

regions are small we might be interested Ili examining the number

of event that occur in several adjacent subregions. For

1 i1 s n1-m1,+ and I A J, S n 2-m +l we define

W(ii,1 2) - Y .

Jai IVAI~



W(SI 1i2) Is the number of obmervtJ ons in a rectangular region

that Is comprised from mpn2 adjacent subregions. If W(.i,1 2 )

exceids the value k, then k points are clustered within this

reotAngulr rqgJon. The two dimeni onal ratc:het mrian statistic I

defAined to b"

W max {W( ijj I ~ i s - 1 i1

where m - (ml.mp)', (The one dlmonsiona2 ratchet sroari etatiF.4.c

bois hemt3 reeartly oArl by 1Xrauth 1992). We have startfed

?4tdnj I ill aproxime1 intipo for., 1Hif d istribuhtion of WI Thia methods

t11h1: we ay,4 i-iing inclide probail Jity inequa Ities (Glaz 1.993)

arid compound Poismon approximations (Slaz, Naus, Walierstelrj and

1.99 i4)

For Si 1in -m1+1 and )S.inp-mp+1 defire the indicator random

var iables

I(ti'i,) 1,I If W(11 1I ) k kC

O, otherwise,

The multiploe two dlmenalonal ratchet wcan stt istJr is defined as

ii~ ' i- 1 m 1-1
jE I(.t 1

j LZI imi~



Tt QW31nt:1 th1ie number of renota~ijular riagionne gl ven by

~ i., *+ 4l JC ~ ~ that cartsta k or~ more observst ions,

EviHrn An the oine djmePcrijcn&] l~C there ,v no' ac) c(nYFato

iopro imptons ft.or the dl etribill Jon tif r,. In this I-Amp wo -

1hl i'rkriinu tWC eOe.1 oy M vC1MrieVQ,.nd FAeiork I 'IruiI~ ( RcOO I

lox 14Iu4 Roon' i~fl' W#03.1ttnjqte1 1 '4 ) . We~ wil t1xt~~n, V

C0o.rrit3. ?. theme reevilts In the cat where the. 711 's ,v. M

mli I.tn I diill~ ] 111:tr ibul:i on bl.il: wi th d if foe~nt 1)1;14

(iv) Two Dimensional Discrete Scan Statistic

lit t~d eProc' t we have tho ,m i~cIet upI ust Inr ( ii ii) only

here we asume thnt the Y1.'13 are ind*penedent Integer valued3

Y-mmicom variables. The binamial ;, nd the Poiseon mod~els a~re

Ancliided Ina this study. For the speci**l :ne of Y.H'sF beoirtg iM

Alurnoi.JJl trialts the strong laws aind the extreme value alymjitritic

distvihvittrmn of Wil has been studied in Darling and Waterman (1985

dand 1986).

Under the null hypothees of raridomraess we will assume theit

the Y~j'9 are ild according to a *pecified discrete distribution,

for examplJe tho Pollseon 04i'trlbutAorx with lierametv, ti nder the

alternative of cliiatering we ;PR~time that tnoewheria In the

rettiaular rogion there exists im t~ihregcsrt f ~ +~~]f:~ 1,m-

so that the distribut:i on of the nuinb~r of pnintm



J0

Iri thrat tsulrelotn its Poisson with mean mim , where x > . Then

the null hypothesis of rAndoivneiss Is rejeoted at the a level If

Wm ? k, Whore a a P(WO i k) . To Implement this clueter detection

Acit~. p'rtnxI mat Ionrs for' the cllst riut.lon cif the

two dimennional discrete scan statistic have to be deir.ved,

First, a product-type aprox.mnation eimilar to the one for the

one dimensional case in Glaz and Naius (1991, 2.28) wJ. 1 he

,er\' ,ed, Moreover,, Inequl.itti-A for the tail probabilities of the

two tdiienm~i l1 discretm 4cC.r sta11t'itc will. be oti ed . This

will extend the retults In Glaz and Naus (1991, Theorem 1). In

the one dtim:isional case the bounds were asymptoticailly 1 JIght, .

will Interesting to investigate the asymptotic propmr'ie of the

Inequalities in the two dimensional case.

knother approach to approximate the distribution of WM that

will .e studied is the Poisson and compound Poisson

approximations using the Chen-Stein method (Arratia, Goldst"In

and Gordon 1989 and 1990, Barbour, Ch n, and Loh 1991, Barbour,

Heist and Jan;on 1992, Roos 1993, Glaz, Naus, Wallenistein and

Room 1994)). These approximations will be of great importance in

Investigating the distribution of the multiple discrete scan

statint:ic that was disou sed in detail in (Iii) for the ratchet

scan statistic.

6 0 I' II I I I II - II I l ,
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